Indeed, cisplatin is a standard anti-cancer agent that is used in the management of different types of solid tumors. Unfortunately, cisplatin significantly accumulates in renal proximal tubular cells where nephrotoxicity is the main side effect limiting its clinical use. The present study was conducted to explore the possible nephroprotective effect of dibenzazepine against cisplatin-induced renal injury in rats. Rats received pretreatment with three different doses of dibenzazepine for one week before giving cisplatin at a one single dose (7 mg/kg) intraperitoneally. The renal injury was determined by measuring nephrotoxicity markers as well as histopathological investigation. Dibenzazepine attenuated the elevation in blood urea nitrogen and serum creatinine levels. Moreover, the nephroprotective effect of dibenzazepine was further confirmed histopathologically. In conclusion, these findings show that dibenzazepine provides protection against renal injury induced by cisplatin.
Introduction
Cisplatin is an effective chemotherapeutic agent (Miller et al., 2010) where it is used to cure many solid tumors like genitourinary, cervical, head and neck, small cell and non-small cell lung tumors (Rosenberg, 1999) .
Treatment with cisplatin is associated with severe side effects (Florea and Büsselberg, 2011). Cisplatin-induced renal toxicity is dose-dependent, limiting the possibility of increasing dosage, which affects treatment effectiveness (Safirstein et al., 1984; Peres and da Cunha, 2013). Cisplatin nephrotoxicity is evident by the decline in the glomerular filtration rate, followed by increased serum level of creatinine and blood urea nitrogen (BUN), hypomagnesemia and hypokalemia (Gomez Campdera et al. 
Material and methods

Material
Cisplatin and dibenzazepine were purchased from Merk Ltd. (Cairo, Egypt) and Sigma Chemical Co. (St. Louis, MO, USA), respectively. The dose of 7 mg/kg cisplatin was selected according to previous studies (Arjumand and Sultana, 2011; El-Naga, 2014; El-Naga and Mahran, 2016). Used chemicals were obtained from El-Nasr Company (Egypt) of the highest grade commercially available.
Animals
Male albino rats (150-200 g) were maintained at the animal house of the National Organization for Drug Control and Research (NODCAR, Giza, Egypt). Animals had free access to food and water. They were maintained at 21-24°C and 40-60% relative humidity with 12-h light-dark cycle. Animals were subjected to 1 week adaptation period in the animal house before the beginning of the experiments. Experimental procedures were conducted in accordance with the international ethical guidelines for investigations in laboratory animals and were approved by the Research Ethical Committee of Faculty of Pharmacy, Ain shams University (Cairo, Egypt).
Method
Experimental design
Animals were randomly divided into five groups (ten animals per group). The first group received the vehicle only and served as the control group. The second group received a single dose of cisplatin (7 mg/kg i.p.) to induce acute renal injure. The third, fourth and fifth groups were given different doses of dibenzazepine (0.25, 0.5 and 1 mg/kg/day i.p.), respectively for 12 days starting 7 days before cisplatin administration. At the end of the experiment, blood samples were collected from the retro-orbital plexus and allowed to clot. Serum was used for the assessment of nephrotoxicity markers. Rats were sacrificed and kidney tissues were dissected out, and washed with ice-cold saline. Kidney specimens of each group were fixed in 10% formalin for histopathological examination.
Assessment of nephrotoxicity markers
Serum Blood urea nitrogen and serum creatinine levels were assessed using Biodiagnostics kits (Biodiagnostics, Cairo, Egypt). All procedures were performed according to the manufacturer's instructions.
Histopathological examination
Sections from of the kidney of the different groups were sliced and fixed in 10% formalin then, embedded in paraffin blocks. Slices of 4 μm thickness were stained with Hematoxylin and Eosin (H & E) for routine histopathological examination under light microscope.
Statistical analysis
Data are presented as mean ± SD. Multiple comparisons were performed using one-way ANOVA followed by Tukey-Kramer test for post hoc analysis. The 0.05 level of probability was used as the criterion for significance. All statistical analyses were performed using the SPSS version 16 (Chicago, IL, USA), while the graphs were drawn using a prism computer program (GraphPad software Inc. V5, San Diego, CA, USA).
Results
Nephrotoxicity markers.
Assessment of nephrotoxicity markers showed that cisplatin induced a significant increase in BUN and serum creatinine by 550.8 and 737 %, respectively as compared to the control group. Notably, pre-treatment of intoxicated rats with dibenzazepine of all the tested doses showed a significant decrease in BUN by 11.7, 12.1 and17.2 %, (Fig. 1 ) and in serum creatinine by 21.9, 33.0 and 52.9% (Fig. 2) for the dibenzazepine doses of 0.25, 0.5 and 1 mg/kg, respectively as compared to the cisplatin group. The higher dose of dibenzazepine (1mg/kg/day) showed the best nephroprotection when compared to other doses of dibenzazepine. Kidney pathology. Figure 3 shows the effects of the different treatment groups on the histological structure of the kidney. No histopathological alterations and normal histological structure of the glomeruli and tubules at the cortex were recorded in the control group ( Figure 3A) . Nevertheless, degenerative changes and coagulative necrosis were noticed in the lining epithelium of the tubules at the cortex and medulla with formation of eosinophilic casts in the tubular lumen in kidney specimens taken form cisplatininjected rats ( Figure 3B ). While the tubular lining epithelium showed degeneration and coagulative necrosis in both cortex and medulla in the group pre-treated with 0.25 mg/kg dibenzazepine ( Figure 3C) . Besides, pretreatment with 0.5 mg/kg dibenzazepine showed congestion in the blood vessels at the cortex together with degenerative changes and coagulative necrosis in the tubular lining epithelium of cortex and medulla ( Figure  3D) . Notably, sections of kidney taken from 1 mg/kg dibenzazepine pre-treated rats, showed only mild necrosis in the lining tubular epithelium at the cortico-medullary junction ( Figure 3E ). Section taken from kidneys of the control rats shows normal structures of glomeruli (g) and tubules (t) (×40). B: Section taken from kidney of cisplatin-injected rats shows coagulative necrosis (n) and diffused degeneration (d) in the tubules. Also, eosinophilic casts (c) were observed in tubular lumen (×16). C: Section taken from kidney specimens of rats pre-treated with lower dose of dibenzazepine (0.25 mg/kg) shows degeneration (d) and coagulative necrosis (n) of the tubular lining epithelium in cortex and medulla (×16). D: Section taken from kidney specimens of rats pre-treated with middle dose of dibenzazepine (0.5 mg/kg) shows congestion in blood vessels (c) with degenerative (d) in tubular lining epithelium at the cortex while coagulative necrosis (n) in the epithelial cells lining the tubular at cortico-medullary junction (×16). E: Section taken from kidney specimens of rats pre-treated with higher dose of dibenzazepine (1 mg/kg) shows only mild coagulative necrosis (n) in tubular lining epithelium at the cortico-medullary junction (×16).
Discussion
The present study was designed to investigate the potential protective effect of dibenzazepine against cisplatin-induced acute renal injury in rats. This study showed that the renal injury, induced by cisplatin, was manifested by the prominent increase in BUN and serum creatinine levels as compared to the control animals, suggesting the occurrence of acute renal failure. The histopathological findings demonstrated that the administration of cisplatin induced a severe degenerative change. Also, coagulative necrosis was noticed in the lining epithelium of the tubules at the cortex and medulla together with the formation of eosinophilic casts in the tubular lumen. This was in line with previous studies (El-Naga, 2014; El-Naga and Mahran, 2016). . In our study, pre-treatment of cisplatin-injected rats with dibenzazepine markedly attenuated cisplatin-induced changes in nephrotoxicity markers and the histological architecture of the kidney in a dose-dependent manner. A dose of 1 mg/kg dibenzazepine provided the best nephroprotection. This was evident by the significant decrease in BUN and serum creatinine as compared with cisplatin group. In accordance with this, Xiao and his co-workers (2014) had found that dibenzazepine attenuated kidney fibrosis induced by unilateral ureter obstruction in mice. Indeed, the treatment with anti-inflammatory agents is a promising strategy in reducing cisplatin-induced renal dysfunction and decreasing the histological evidence of injury.
Conclusion
In conclusion, the present study provides an evidence for the nephroprotective effects of dibenzazepine where the dose of 1mg/kg/day provided the best protection. Further studies may be done to elucidate the underlying molecular mechanisms of the nephroprotective effect of dibenzazepine.
